Introduction
Management of solid waste is a major environmental concern worldwide. Annually, 1.5 billion of tires around the world get out of utilizing cycle. For example, 46 million tires are disposed of in the U.K. These wastes cause a major health hazards for both human beings and animals. [1] Therefore, disposal of the used tires in landfills has been banned. Thus, recycling of these waste tires needs to be considered. There is a potential of using scrap tires in many geotechnical applications such as building foundations, light-rail construction, road construction, slope stabilization, backfill for bridge abutment and retaining walls. [2] [3] [4] [5] [6] [7] Such admixing of scrap tire rubber (STR) has received great acceptance and application in the last two decades in several geostructures, as this approach offers economic benefits compared with traditional techniques. Some properties of such scrap tire rubber are high compressibility, lightweight, high thermal insulation, good long-term durability compared to other geomaterials. [3, [8] [9] [10] Some studies found that adding rubber materials resulted in improving the shear strength of soil. [11] [12] [13] However, many other studies such as Kawata et al., [14] Neaz Sheikh et al. [15] and Youwai and Bergado [16] have reported significant reduction in the strength of soil due to added rubber materials. Tafreshi et al. [8] found that by using tire shreds-sand mixtures over the pipe resulted in significant decrease in the pressure distributed over the pipe, pipe deflection and the soil surface settlement. Furthermore, it was found that shredded rubber mixed with well graded sand has a better performance on the pipe responses compared with chipped rubber. Mohamad et al. [3] investigated the shear strength parameters of sand mixed with different contents of tire chips (10-50% by weight). They found that 10% of the used tire chips can improve the internal friction angle and the shear strength of sand. Similar trend was observed by Saberian et al. [9] who found that by adding 20% shredded tire chips to sandy peat resulted in increasing the angle of internal friction and cohesion to 39.8° and 94.8 kPa respectively compared with 17.8° and 11.2 kPa for the untreated samples. Moreover, specimen with 10% tire chips provided the maximum unconfined compression strength. This trend is agreed with the findings of Cetin et al., [17] Akbulut et al. [18] and Gotteland et al. [18] Moreover, most of the geo-material exhibited directional dependence of the mechanical properties. [20] [21] [22] Behavior of the mixture is significantly affected by rubber content and rubber-sand particle size ratio in a manner that increase in the former and decrease in the later, resulting in softer behavior, lowers stiffness and lower strength. [6] Damping ratio of the sand-rubber mixtures increases and the shear modulus systematically decreases with an increase in the granulated rubber content. [10] The large strain stiffness of the sand-rubber mixtures decreases as the rubber content increases. [4] Conversely, the criticalstate friction angles increases from 28.9° for untreated sand to 32.0° for sand that contained 20% of rubber and tested at similar states. [4] It is apparent that soil-scrap tire can be used in many geostructures as alternative backfill material. Such soft rubber particles significantly change the mechanical properties of soil. However, very little attention was given to its effect on the deformation of sand. Therefore, the present study was conducted with the aim of investigating the deformation of rubber sand mixtures, and how long the granulated tire rubber could reduce the lateral strain.
Laboratory and Field Testing Program Materials

Used Sand
The soil samples used in the present study is classified as poorly graded sand according to the Unified Soil Classification System. The specific gravity of solids is 2.61 Gs value, which is low here due to the presence of gypsum CaSO 4 • 2H 2 O in the composition of the used sand.
Granulated Tire Rubber (GTR)
The granulated rubber used in this study is the by-product of the shredding process of used tires. Rubber particles were sieved to obtain a uniform size. The rubber material was angular and irregularly shaped, and has specific gravity (determined in accordance with ASTM D 854), responding contents by volume were 0, 19.9, 35.9, 48.9, 59.9 and 69.1%, respectively. It was ortant to avoid any segregation during the specimens' preparation that could influence the lts of the experiments. Therefore, special care was taken to thoroughly mix the sand and tire ber from the beginning till pouring them into the mold to produce a reasonably uniform, nonregated mixture. After mixing the appropriate amount of dry sand and tire rubber, specimens e constructed carefully using the dry deposition method in six layers. Every layer was tamped g a metal rod tamper providing almost relative density of 80%. Tests have been performed 
Methodology
Tire rubber contents by mass, TRC%, were selected as 0, 10, 20, 30, 40 and 50%. Its corresponding contents by volume were 0, 19.9, 35.9, 48.9, 59.9 and 69.1%, respectively. It was important to avoid any segregation during the specimens' preparation that could influence the results of the experiments. Therefore, special care was taken to thoroughly mix the sand and tire rubber from the beginning till pouring them into the mold to produce a reasonably uniform, non-segregated mixture. After mixing the appropriate amount of dry sand and tire rubber, specimens were constructed carefully using the dry deposition method in six layers. Every layer was tamped using a metal rod tamper providing almost relative density of 80%. Tests have been performed based on ASTM D7181-11. After the sample had been set up in the cell with vacuum pressure (25 kPa), the inner and outer chambers were filled with de-aired water and the saturation process was carried out by applying different values of back pressure, while keeping a constant initial effective stress of 30 kPa until obtaining a Skempton's B-value greater than 0.95. Then, the specimen was consolidated isotropically by ramping the effective confining pressure (outer and inner) up to 200 kPa.
Results
The stress-strain characteristics of sand-tire rubber mixtures are illustrated in Figure 2 . The stress ratio can be defined as the ratio of the major principal stress to the minor one. The highest level of stress ratio obtained from stress ratio-major principal strain curve is defined as the maximum stress ratio. Radial displacements were obtained by using radial chain device that was supplemented by a number of sensors and mounted around the sample. Figure 3 shows the variation of the maximum stress ratio ηmax along the tire rubber content TRC of 10, 20, 30, 40 and 50%. It is clear that maximum stress ratio ηmax of sand increased from 1.61 to 1.83 and 1.90 as the tire rubber content TRC increased to 10 and 20%. After that, the maximum stress ratio decreased dramatically to 1.41, 1.26 and 1.03 for TRC = 30, 40 and 50% respectively. This means that stress ratio increased by 13.6 and 18.0% as TRC increased to 10 and 20% respectively, followed by decreasing by 12.4, 21.7 and 36.0% when TRC increased to 30, 40 and 50% respectively. This trend is similar to the results presented in Mashiri et al. [2] It is well known that the shear strength of clean sand depends totally on the friction between particles and, thus, the presence of tire rubber material as inter-particle layers affects friction and thereby stability. The increase in stress ratio associated with TRC = 10 and 20% is related to the fact that such a percentage likely fills the voids between sand particles, which prevents particles from moving and sliding easily under shearing; and consequently, exhibit higher values of strength. This means that TRC = 10-20% It is well known that the shear strength of clean sand depends totally on the friction between particles and, thus, the presence of tire rubber material as inter-particle layers affects friction and thereby stability. The increase in stress ratio associated with TRC = 10 and 20% is related to the fact that such a percentage likely fills the voids between sand particles, which prevents particles from moving and sliding easily under shearing; and consequently, exhibit higher values of strength. This means that TRC = 10-20% is likely to be the optimum tire rubber content.
However, the decrease in the stress ratio that occurred in sand when TRC ≥ 30% is attributed to the fact that rubber material can be deformed vertically significantly under the applied load.
Moreover, the particles in mixtures with high rubber content can move and slide easily under is likely to be the optimum tire rubber content. However, the decrease in the stress ratio that occurred in sand when TRC ≥ 30% is attributed to the fact that rubber material can be deformed vertically significantly under the applied load. Moreover, the particles in mixtures with high rubber content can move and slide easily under shearing; and consequently, exhibit lower values of stress ratio. This is consistent with the results of several researchers [such 2, 3 and 9]. However, Ehsani et al. [6] reported a different trend. This variation in the maximum stress ratio ηmax with the tire rubber content TRC can be explained based on the variation of the void ratio of the sand-tire rubber mixtures STRM with the tire rubber content. [2] Figure 4 illustrates that the lowest value of the maximum emax and minimum emin void ratio occurred at TRC = 20.0%. Moreover, the maximum void ratio of rubber intersected the void ratio curve of rubber at TRC = 11.6%, while the maximum void ratio of sand intersected the void ratio curve of sand at TRC = 26.7%. The shearing behavior of the sand-tire rubber mixtures STRM can be divided into three distinct zones, Z1, Z2 and Z3. First zone is the sand matrix zone for mixtures that have less than 11.6% of rubber. In this zone, sand forms the main skeleton. However, rubber can occupy inter-particular voids to provide a cushioning effect and improve interlocking between sand particles. For rubber content between 11.6 and 26.7%, both rubber and sand form the skeleton of mixtures and share the applied load. Increasing the rubber content beyond 26.7% causes the behavior of the mixture to be controlled by the rubber. This agrees with Mashiri et al. [2] who have presented similar explanation. This means that the improvement in the mixture is related to improving bonding and cushioning effect provided by the tire rubber occupying the inter-granular voids, which improves resistance to induced lateral forces by decreasing the amount of sliding and rotation of particles along the bedding plane. Figures 5(a-f) show the accumulated principal strains with the stress ratio. It was found that maximum stress ratio ηmax of sand-tire rubber mixtures STRM occurred at major principal strain ε 1 larger than that of clean sand. Moreover, as the rubber content increased such major principal strain increased. For example, the maximum stress ratio of sand (1.61) occurred at major principal strain ε 1 of 9.1%, while the maximum stress ratio of the sand-tire rubber mixtures occurred at 9.8, 17.2, 20.7, 26.2 and 26.4% for rubber content of 10, 20, 30, 40 and 50% respectively. This means that increasing rubber content from 0% to 50% resulted in increasing ε 1 by 169%, indicating that the behavior becomes softer. Moreover, sand containing 40 and 50% of rubber failed when ε 1 reached 33.6% compared with 21.3% for clean sand. It is evident that tire rubber material TRM contributes significantly to the sustaining of applied loads even under large strains due to its elastic nature.
Regarding the effect of tire rubber on the induced lateral deformation, it was found that tire rubber material TRM has significant effects on such lateral strains, ε 2&3 . For clean sand, the minor strain ε 3 increased steadily with increasing the applied load and reached 5.2% at the maximum stress ratio η max and 14.5% at failure. Minor principal strain ε 3 , however, decreased clearly when tire rubber material TRM was added to sand. For example, at the maximum stress ratio η max = 1.61, ε 3 decreased to 5.0, 4.8, 3.6, 2.2 and 2.1% as the rubber content increased to 10, 20, 30, 40 and 50% respectively, compared with 5.2% for clean sand. When the specimen failed, the accumulated ε 3 
of rubber content on maximum stress ratio of mixtures n that the shear strength of clean sand depends totally on the friction between us, the presence of tire rubber material as inter-particle layers affects friction and y. The increase in stress ratio associated with TRC = 10 and 20% is related to the percentage likely fills the voids between sand particles, which prevents particles and sliding easily under shearing; and consequently, exhibit higher values of means that TRC = 10-20% is likely to be the optimum tire rubber content. ecrease in the stress ratio that occurred in sand when TRC ≥ 30% is attributed to bber material can be deformed vertically significantly under the applied load. particles in mixtures with high rubber content can move and slide easily under Regarding the effect of tire rubber on the induced lateral deformation, it was found that tire rubber material TRM has significant effects on such lateral strains, ε2&3. For clean sand, the minor strain ε3 increased steadily with increasing the applied load and reached 5.2% at the maximum stress ratio ηmax and 14.5% at failure. Minor principal strain ε3 , however, decreased clearly when tire rubber material TRM was added to sand. For example, at the maximum stress ratio ηmax = 1.61, ε3 decreased to 5.0, 4.8, 3.6, 2.2 and 2.1% as the rubber content increased to 10, 20, 30, 40 and 50% respectively, compared with 5.2% for clean sand. When the specimen failed, the accumulated ε3 was only 3.7% for sand containing 50% rubber compared with 14.5% for clean sand. Adding tire rubber material showed similar effect on the intermediate principal strain 
Conclusions
The main objective of this study was to evaluate the effects of scrap tire rubber on the geomechanical characteristics of sand. In order to achieve such an object, a series of drained triaxial tests were conducted on sand mixed with 0, 10, 20, 30, 40 and 50% tire rubber. The results obtained in this study can be summarized as follows: 1. Minimum emin and maximum emax void ratio of sand-tire rubber mixtures decreased as the tire rubber content TRC increased to 20%, then increased dramatically with 30-50% tire rubber. 2. The behavior of mixtures can be divided into three zones based on the content of the tire rubber: i. Sand skeleton zone (for TRC ≤ 11.6%), ii. Sand-rubber skeleton zone (for TRC between 11.6% and 28.7%), and iii. Rubber skeleton zone (for TRC > 28.7%). 3. Results showed that maximum stress ratio increased by 13.6 and 18.0% when 10 and 20% of tire rubber was added to sand respectively. However, stress ratio then decreased by 12.4, 21.7 and 36.0% for TRC = 30, 40 and 50% respectively compared with sand. This trend agrees generally with the aforementioned three behavioral zones. 4. Adding tire rubber to sand resulted in an increase in the major principal strain, indicating that the behavior changed to being more ductile. However, minor and intermediate principal strains of sand-tire rubber mixtures decreased significantly compared with sand. This indicates that sand-rubber mixtures can be used effectively behind the retaining wall to eliminate the lateral earth pressure.
